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!!"#"$%"

!&'()*+,-..&/0.1,&2+345+.&/'61('6.&78.3,.*),&7/.369.'6:&;0+6</+86*.34'+)*6&

*078(& 6& ;+/=5.'6:& >??.@*6/'+)*6& /=;+3',.1=A& 0(2+*& /& >@)*0.1(34'=A& +23()*,A&

8.,*.34'+)*6& 9.3+/.@(B& C*+& 36@/68(D6,& ;+)3.8)*/6E& 0(<369'=A& *.A'+F.''=A& 6&

;060+8'=A& @(*()*0+?G& 0.5.'6.& <(8(9G& )/,<(''=A& )& 1('6;7360+/('6.1& 6&

*0(');+0*60+/('6.1& F07<+/& );.D6(34'+F+& '(<'(9.'6,& /& /+.''+E& +23()*6B& H(1, F8.& >*+&

/+<1+I'+, ;061.',:*),&)(1+A+8'=.&@+3.)'=.&636&F7).'69'=.&5())6&)&7)*('+/3.''=16&

'(&'6A&1('6;73,*+0(16G&)0.8)*/(16&'(23:8.'6,&6&807F61&+2+078+/('6.1B&J8'(@+&9()*+&

;06A+86*),& /=;+3',*4& 0(2+*=&/& <8('6,AG& /& @(26'(A&0(<369'+E& *.A'6@6G& *B.B& /& 7)3+/6,AG&

6<'(9(34'+&)+<8(''=A&83,&9.3+/.@(G&)&79.*+1&.F+&@6'.1(*6@6&*.3(&6&1())=B&!&160.&7I.&

;0+8+3I6*.34'+.& /0.1,& /.87*),& (@*6/'=.& 0(2+*=& ;+& )+<8('6:& @(@& ('*0+;+1+0?'=A&

0+2+*+/& )& 1())+F(2(06*'=16& ;(0(1.*0(16& 9.3+/.@(G& *(@& 6& 0+2+*6<60+/(''=A&

>@<+)@.3.*+/B&K.0/=.&;0.8'(<'(9.'=&83,&/=;+3'.'6,&0(2+*G&*6;69'=A&83,&9.3+/.@(G&2.<&

.F+& '.;+)0.8)*/.''+F+& 79()*6,& /& +23()*6& ;0+/.8.'6,& 0(2+*B&!*+0=.& ;0.8'(<'(9.'=& 83,&

?6<69.)@+E&0(<F07<@6&9.3+/.@(G&/=;+3',:-.F+&0(2+*=G&9*+&;+</+3,.*&1('6;7360+/(*4&6&

;.0.'+)6*4&0(<369'=.&F07<=&)&6);+34<+/('6.1&1.'45.F+&96)3(&3:8.EB

$6I.&;06/.8.'=&'(62+3..&6</.)*'=.&0(2+*=&;+&)+<8('6:&>@<+)@.3.*+/L

1) Raytheon Sarcos Exoskeleton XOS 1 6&XOS 2 (;.0/+.& 6& /*+0+.& ;+@+3.'6,),

;0.8)*(/3.'=&(1.06@(')@+E&@+1;('6.E&Sarcos Incorporated )++*/.*)*/.''+&/&MNNO&6&MNPN&

F+8(A Q06)B&PG&06)BM&)++*/.*)*/.''+RB
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W6)B&P. K0+.@*&XOS 1 W6)B&2. K0+.@*&XOS 2

2) Power LoaderG&8(''=E&;0+.@*&2=3&;0.8)*(/3.'&;+80(<8.3.'6.1&Activelink ,;+')@+E&

@+1;('66&Panasonic /&MNPN&F+87 (06)B XG&06)B 4).

W6)B 3. Power Loader W6)B 4. Power Loader

3) HULC ExoskeletonG& ;0+.@*&;0.8)*(/3.'& (1.06@(')@+E&@+1;('6.E&Lockheed Martin

Corporation /&MNPN&F+87 Q06)BYG&06)BZRB

W6)B 5. K0+.@*&HULC W6). 6. K0+.@*&HULC
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4) Berkeley Lower Extremity Exoskeleton (BLEEX) 6 ExoHiker, ;0.8)*(/3.''=.

(1.06@(')@+E @+1;('6.E Berkeley Bionics / 2005 F+87 Q06)BVG& 06)BO&

)++*/.*)*/.''+).

W6)B&V. K0+.@*&BLEEX W6)B 8. K0+.@*&ExoHiker 

$(& 8(''=E& 1+1.'*& /& WT& '(23:8(.*),& <'(96*.34'+.& +*)*(/('6.& /& >*+E& +23()*6&

*.A'6@6B& %& '(& ).F+8',5'6E& 8.'4& '.& 78(3+)4& '(E*6& ))=3+@& '(& @+'@70.'*+);+)+2'=.

+*.9.)*/.''=.& +20(<D=& >@<+)@.3.*+/B& K+>*+17& 0(<0(2+*@(& 6);+3'6*.34'+F+& 1.A('6<1(&

>@<+)@.3.*(& 6& 6))3.8+/('6.& .F+& ;(0(1.*0+/& 6& A(0(@*.06)*6@& ;0.8)*(/3,.*),&

D.3.)++20(<'+E& 6& (@*7(34'+EB& K06& >*+1& /& @(9.)*/.& ;06/+ 8+ /& & & & D.3.)++20(<'+&

6);+34<+/(*4& >3.@*0+F680(/369.)@6.& )3.8,-6.& ;06/+8=& QC[UKRG& ;+)@+34@7& +'6& 61.:*&

A+0+56.&86'(169.)@6.&)/+E)*/(&6&1())+F(2(06*'=.&;(0(1.*0=B&

U0.86 <(8(9G&/+<'6@(:-6A&;06&0(<0(2+*@.&>@<+)@.3.*(G&1+I'+&/=8.36*4L

1. ?+0160+/('6.& @6'.1(*69.)@+E& )*07@*70=& 6);+3'6*.34'+F+& 1.A('6<1(&

>@<+)@.3.*(G&+2.);.96/(:-.F+&*0.27.1=.&8/6I.'6,&/=;+3',.1=.&9.3+/.@+1&;06&;+8\.1.&

6&;.0.'+).&;+3.<'+E&'(F07<@6&;+&;.0.).9.''+E&1.)*'+)*6]

2. +;0.8.3.'6.& '(F07<+9'=A& A(0(@*.06)*6@& ;06/+8+/G& 7)*('(/36/(.1=A& /&

)+93.'.'6,A&6);+3'6*.34'+F+&1.A('6<1(]&

3. ;0+.@*60+/('6.& 6);+3'6*.34'=A& F680+8/6F(*.3.EG& 7)*('(/36/(.1=A& /&

)+93.'.'6,AG& +2.);.96/(:-6A& 1(@)61(34'7:& >'.0F+.1@+)*4& F680+;06/+8(& <(& )9.*&

16'616<(D66&.F+&1())=B&

1. <+/)0;*:+/0=%)+'0&:->*&)6?:)?62 +&,-./+)0.1/-4-*=03%/+;=%*

9:;-&:0.0)%@

J8'+E& 6<& /(I'.E56A& <(8(9G& /+<'6@(:-6A& /& ;0+D.)).& )+<8('6,& >@<+)@.3.*(G&

;0.8)*(/3,.*),& ('(36<& @6'.1(*6@6& 6);+3'6*.34'+F+& 1.A('6<1(B& ^(8(9(& )+)*+6*G& ;0.I8.&
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/).F+G& & /& '.+2A+861+)*6& )6'*.<60+/(*4& @6'.1(*69.)@7:& )A.17& >@<+)@.3.*(G& ;+3'+)*4:&

+2.);.96/(:-7:&'.+2A+861=.&/&;0+D.)).&0(2+*=&)*.;.'6&;+8/6I'+)*6G&@+*+0=.G&/&)/+:&

+9.0.84G&+;0.8.3,:*),&;0.83+I.''+E&1+8.34:&9.3+/.9.)@+F+&*.3(B&

$(62+3..&/(I'=1&@06*.06.1&/=2+0(&;7*6&)6'*.<60+/('6,&@6'.1(*69.)@+E&)A.1=&

2=3+& /=20('+& 7)3+/6.G& )+F3()'+& @+*+0+17& >@<+)@.3.*& 8+3I.'& '(3(F(*4& '(& 9.3+/.@(& @(@&

1+I'+&1.'45.& +F0('69.'6EG& *+& .)*4&'.&1.5(*4& 9.3+/.@7& /& .F+& 8/6I.'6,AB&C*+& 7)3+/6.&

2=3+&+2+)'+/('+&*.1G&9*+&)63(G&8.E)*/7:-(,&)+&)*+0+'=&>@<+)@.3.*(&'(&9.3+/.@(G&8+3I'(&

2=*4&0(/'(&'73:B

1.1 !&.-8+A*&+/)0;%*:+/0=%)+'0&:->*&)6?:)?62 9:;-&:0.0)%@

!& @(9.)*/.& 1+8.36& 9.3+/.9.)@+F+& *.3(& 2=3(& /=20('(& 1+8.34G& ;0.83+I.''(,&

;0+F0(11'=1& @+1;3.@)+1& QK_R& `abca (Computer Aided Three-dimensional Interactive 

deefcgabchiR& jYG& ;0.8)*(/3,:-61& )+2+E& )6)*.17& (/*+1(*6<60+/(''+F+& ;0+.@*60+/('6,&

QUkKWRG&/&;+81+873.&lmnoai&dgbcpcbq&diafqrcrs&1+873,&ltuvhihocgr&wxrcvi&y&diafqrcrsB&

#(''=E&K_&796*=/(.*&8+)*(*+9'+.&@+369.)*/+&)*.;.'.E&;+8/6I'+)*6&9.3+/.@(G&(&

*(@I.& ;0.83(F(.*& 86(;(<+'=& 6<1.'.'6,& +2+2-z''=A& @++086'(*& ;+& /).1& )+93.'.'6,1G&

+)'+/(''=.& '(& ;0+/.8z''=A& ('*0+;+1.*069.)@6A& 6))3.8+/('6,AG& ;+</+3,.*& ;0+/+86*4&

l>0F+'+169'+.&;0+.@*60+/('6.s&6&+23(8(.*&0,8+1&6'=A&;+3.<'=A&?7'@D6EB

1.2 B6-70&&*&+/)0;%*:+/0=%)+'0&:->*&)6?:)262*9:;-&:0.0)%

!& ;0+D.)).& )6'*.<(& @6'.1(*69.)@+E& )*07@*70=& >@<+)@.3.*(& 2=3& ;0+/.8z'& ('(36<&

/+<1+I'+)*6& +2.);.9.'6,& 6);+3'6*.34'=1& 1.A('6<1+1& )3.87:-6A& )*.;.'.E&

;+8/6I'+)*6&+0F('+/&9.3+/.@(L

1. U*+;(B

1.1 H('F(I (dorsiflexion/plantar flexion)B& %);+3'6*.34'=1& 1.A('6<1+1&

+2.);.96/(.*),&*('F(I&)*+;=&+*& !25! Q06)B{R 8+& !38 Q06)BPNR )&;+3'=1&)+23:8.'6.1&/).A&

'(3+I.''=A&+F0('69.'6EB

W6)B 9. K+3+I.'6.&6);+3'6*.34'+F+&

1.A('6<1(G&)++*/.*)*/7:-..&7F37&*('F(I(&

)*+;=&9.3+/.@(&/& !25!

W6)B 10. K+3+I.'6.&6);+3'6*.34'+F+&

1.A('6<1(G&)++*/.*)*/7:-..&7F37&*('F(I(&

)*+;=&9.3+/.@(&/& !38
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!& *+& I.& /0.1,& 1+I.*& 2=*4& +2.);.9.'& *('F(IG& 2+3456E& ;+& /.3696'.G& '+& )&

'.@+*+0=16& +*@3+'.'6,16& +*& <(8(''=A& )*.;.'.E& )/+2+8=& 6);+3'6*.34'+F+& 1.A('6<1(B&

$(;061.0G&*('F(I7&/& !50! Q;0.8.34'+.&<'(9.'6.&83,&9.3+/.@(R&)++*/.*)*/7.*&)3.87:-..&

;+3+I.'6.&6);+3'6*.34'+F+&1.A('6<1(&Q06)BPPR:

W6)B 11. K+3+I.'6.&6);+3'6*.34'+F+&1.A('6<1(G&)++*/.*)*/7:-..&7F37&*('F(I(&)*+;=&

9.3+/.@(&/& !50!

_(@& /68'+& 6<& 633:)*0(D66G& <(8(''+.& ;+3+I.'6.& )*+;=& 9.3+/.@(& 1+I.*& 2=*4&

+2.);.9.'+& ;06& '.2+345+1& )@+34I.'66& 0.1',G& @+*+0=1& @0.;,*),& )*+;=& 9.3+/.@(& 6&

>@<+)@.3.*(G&9*+&8+)*6I61+&/&8.E)*/6*.34'+)*6B

1.2 _0.'&Qxpxurchi|cipxurchiRB %);+3'6*.34'=1&1.A('6<1+1&+2.);.96/(.*),&@0.'

)*+;=& +*& !5! Q06)B12) 8+& !20 Q06)BP3) )& ;+3'=1& )+23:8.'6.1& /).A& '(3+I.''=A&

+F0('69.'6EB

W6)B 12. K+3+I.'6.&6);+3'6*.34'+F+&

1.A('6<1(G&)++*/.*)*/7:-..&7F37&@0.'(&

)*+;=&9.3+/.@(&/& !5!

W6)B 13. K+3+I.'6.&6);+3'6*.34'+F+&

1.A('6<1(G&)++*/.*)*/7:-..&7F37&@0.'(&

)*+;=&9.3+/.@(&/& !20

2. [+3.'4B&

2.1 Flexion/extension. %);+3'6*.34'=1& 1.A('6<1+1& +2.);.96/(.*),&

flexion/extension +*& !0 8+ !7 )&;+3'=1&)+23:8.'6.1&/).A&'(3+I.''=A&+F0('69.'6EB

2.2 Medial rotation/lateral rotationB&%);+3'6*.34'=1&1.A('6<1+1&+2.);.96/(.*),&

medial rotation/lateral rotation +*& !43! 8+& !35 )& ;+3'=1& )+23:8.'6.1& /).A& '(3+I.''=A&

+F0('69.'6EB

3. }.80+B&
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3.1 Flexion/extensionB& %);+3'6*.34'=1& 1.A('6<1+1& +2.);.96/(.*),&

flexion/extension +*& !13! 8+& !11 )&;+3'=1&)+23:8.'6.1&/).A&'(3+I.''=A&+F0('69.'6EB

3.2 Abduction/adduction. %);+3'6*.34'=1& 1.A('6<1+1& +2.);.96/(.*),&

abduction/adduction +*& !13! 8+& !9 )&;+3'=1&)+23:8.'6.1&/).A&'(3+I.''=A&+F0('69.'6EB

3.3 Medial rotation/lateral rotation. %);+3'6*.34'=1&1.A('6<1+1&+2.);.96/(.*),&

Medial rotation/lateral +*& !2! 8+& !45 )& ;+3'=1& )+23:8.'6.1& /).A& '(3+I.''=A& +F0('6-

9.'6EB

1.3 <-8=0C0/+0*&605*%/%.+;%*+*6%;6%D-):+@*B-.?'0/+0*5+%,%;-/-8*

+;=0/0/+A*-D-DC(//23*:--65+/%)*&-'.0/0/+>*+&,-./+)0.1/-4-*=03%/+;=%*

9:;-&:0.0)%@

!& 0.<734*(*.& ('(36<(G& ;0+/.8z''+F+& /& K_& CATIAG& 2=36& /=,/3.'=& '.@+*+0=.&

'.8+)*(*@6& 8(''+F+& K_G& +2\,)',:-6.),& '.+8'+<'(9'+)*4:& 0.5.'6,& +20(*'+E& <(8(96&

@6'.1(*6@6B&$(&)*(866&0(<0(2+*@6&@+')*07@D66&2=3+&0.5.'+&)+/1.)*6*4&)0.8=&('(36<(&6&

0(<0(2+*@6G& *+& .)*4& ;0+/+86*4& ('(36<& /& K_& SolidWorks. }=3& ;0+/.8z'& ('(36<G&

('(3+F69'=E&;06/.8z''+17&/&;BPBMB&H(@G&'(;061.0G&7F37&flexion/extension 83,&2.80(&/& !60

)++*/.*)*/7.*&)3.87:-..&;+3+I.'6.&6);+3'6*.34'+F+&1.A('6<1(L

W6)B&14. K+3+I.'6.&6);+3'6*.34'+F+&1.A('6<1(G&)++*/.*)*/7:-..&7F37&

flexion/extension 83,&2.80(&/& !60
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1.4 B605.-E0//2>*8%6+%/)*:+/0=%)+'0&:->*&)6?:)?62*+&,-./+)0.1/-4-*

=03%/+;=%*9:;-&:0.0)%.

W6)B&15. K0.83+I.''=E&/(06('*&@6'.1(*69.)@+E&)*07@*70=&6);+3'6*.34'+F+&

1.A('6<1(&>@<+)@.3.*(

K+)3.&/=2+0(&@6'.1(*69.)@+E&)*07@*70=&6);+3'6*.34'+F+&1.A('6<1(&;06)*7;61&@&

0()9z*7&6);+3'6*.34'+F+&F680+D636'80(B

2. $%&'()*+&,-./+)0.1/-4-*4+56-7+.+/56%@

2.1 F&3-5/20*5%//20*5.A*6%&'()%*4+56-7+.+/56%@

K+@(I.1& 1.*+86@7& 0()9z*(& '(& ;061.0.& +8'+F+& )+93.'.'6,G& +)'(-z''+F+&

F680+;06/+8+1B

#3,&;0+/.8.'6,&0()9z*(&F680+D636'80(&'.+2A+861+&;+3796*4&96)3.''=.&<'(9.'6,&

)3.87:-6A&/.3696'L

- 1(@)61(34'(,&)@+0+)*4&8/6I.'6,&/=A+8'+F+&</.'(&;06/+8(&Q8+)*6F(.*),&;06&

+*)7*)*/66& '(F07<@6& '(& /=A+8'+1& </.'.& ;06/+8(G& *B.B& ;06& *B'B& A+3+)*+1& A+8.&

6);+3'6*.34'+F+&F680+8/6F(*.3,R]

- )63(&;+3'+F+&*+01+I.'6,&/=A+8'+F+&</.'(&F680+;06/+8(]

- 1(@)61(34'+.& ;.0.1.-.'6.& /=A+8'+F+& </.'(& ;06/+8(& 6<& +8'+F+& @0(E'.F+&

;+3+I.'6,&/&807F+.B

~*+2=& '(E*6& 7@(<(''=.& /.3696'=G& ;+)*0+61& '(F07<+9'7:& 86(F0(117&

6);+3'6*.34'+F+& 1.A('6<1(G /'.5'::& 1.A('69.)@7:& A(0(@*.06)*6@7& F680+;06/+8(G (&

*(@I.& '(F07<+9'7:& 86(F0(117& F680+;06/+8(, ,/3,:-7:),& +;0.8.3,:-.E& 83,& 6)@+1=A&

;(0(1.*0+/B %);+34<7.*),&1.*+86@(G&;+80+2'+&6<3+I.''(, /&0(2+*.&�P�B
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2.2 B-&)6-0/+0*/%46?;-'/->*5+%46%==2*+&,-./+)0.1/-4-*=03%/+;=%@

#3,& ;+379.'6,& '(F07<+9'+E& 86(F0(11=& 6);+3'6*.34'+F+& 1.A('6<1(& )3.87.*

6))3.8+/(*4& *6;+/=.& 8/6I.'6,G& )+/.05(.1=.& <(& )9z*& 6<1.'.'6,& 7F3(& /& )+93.'.'66& Q/&

@(9.)*/.& ;061.0(& 1+I'+& ;06/.)*6& ;+8',*6.-+;7)@('6.& 9.3+/.@(& '(& 1=)@(AG& ;06& >*+1& /&

@(9.)*/.& 36'66& +;+0=& & )*+;=& +& ;+/.0A'+)*4& ;06'61(.*),& @0(E',,& *+9@(& )*+;=&

>@<+)@.3.*(G& 9*+& ;+</+3,.*& 796*=/(*4& '(61.'..& 23(F+;06,*'=E& /(06('*& '(F07I.'6,G&

)++*/.*)*/7:-6E&1(@)61(34'+17&;3.97&8.E)*/6,&)63=G&(&*(@I.&A+8427&;+&3.)*'6D.G&1(A6&

'+F(16& 6& *B;B). #(34'.E56E& 0()9z*& )3.87.*& /.)*6G& +;60(,)4& '(& 8(''=.G& ;+379.''=.& 6<&

6))3.8+/('6,& 8/6I.'6,G& )++*/.*)*/7:-.F+& '(62+3..& *,Iz3+17& 0.I617& '(F07I.'6,&

6);+3'6*.34'+F+&1.A('6<1(&>@<+)@.3.*(B

^(8(/56)4&F(01+'69.)@61&<(@+'+1 6<1.'.'6, 7F3( /&)+93.'.'66G&86(;(<+'+1&

6<1.'.'6,&7F3(&/&)+93.'.'66&+*& G&;.06+8+1&@+3.2('6E&PBV&)G&(&*(@I.&1())+E&

F07<(& MNN& @FG +;7)@(,& ;0+1.I7*+9'=.& 8.E)*/6,G& ;+379(.1& '(F07<+9'7:& 86(F0(117&

)3.87:-.F+& /68( ( - 7F3+/(,& )@+0+)*4& /& )+93.'.'66G& ; - 1+1.'*& /& )+93.'.'66G&

):

W6)B 16. $(F07<+9'(,&86(F0(11(&6);+3'6*.34'+F+&1.A('6<1(

2.3 B-&)6-0/+0*8/0G/0>*=03%/+'0&:->*3%6%:)06+&)+:+*4+56-,6+8-5%*&*

56-&&0.1/2=*?,6%8.0/+0=@

%);+34<7,& ;+379.''7:& /=5.& '(F07<+9'7:& 86(F0(117& 6);+3'6*.34'+F+&
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